Objective: To present our experience and preliminary results from using controlled hip dislocation to treat cam-like femoroacetabular impingement, in teenagers and young adults with sequelae of slipped capital femoral epiphysis.
Conclusion:
The preliminary results from this study suggest that osteochondroplasty through controlled surgical hip dislocation is a good option for treating femoroacetabular impingement. Through this method, the patients reported achieving improvement of joint mobility and hip pain, with few complications. 
Introduction
Slipped Capital Femoral Epiphysis (SCFE) (epiphysiolysis) is a condition that affects pre-adolescents and adolescents without a definite cause. In moderate and severe grades, this pathology causes changes in the epiphysis and the femoral neck shape, and can predispose femoroacetabular impingement (FAI). This impingement predisposes biomechanical changes, pain, and deterioration of the acetabular articular cartilage. In turn, these factors may increase the risk of early hip osteoarthritis.
Recently, controlled surgical dislocation of the hip was shown to be an appropriate method for treating FAI, providing improvements in hip pain and mobility, as well as preventing arthrosis. 1,2 This technique, initially described by Ganz et al., 3 is based on the anatomical knowledge of the preservation of the medial femoral circumflex artery pathway, 4 allowing for an excellent visualization of the femoral epiphysis and acetabulum, and thus minimizing the risk of avascular necrosis. It also allows, when necessary, correction of the extra-articular impingement, through femur osteotomies and distal transfer of the greater trochanter. 5 This study aimed to report the preliminary results of controlled surgical hip dislocation in the treatment of CAMtype FAI secondary to SCFE in adolescents and young adults.
Material and methods
This study retrospectively included patients with FAI secondary to SCFE, in which an osteochondroplasty was performed using the controlled hip dislocation method.
Data were collected through analysis of medical records.
Patients with a minimum follow-up of six months, who were previously diagnosed with SCFE and underwent this technique, were included.
Exclusion criteria comprised patients with less than six months of follow-up; diagnosis of FAI caused by other hip pathologies; patients who underwent osteotomy of the proximal femur at the same time of osteochondroplasty; patients with hip osteoarthritis (Tonnis 0), as this is a relative contraindication for the procedure; and patients whose medical records were incomplete or were lost to follow-up.
All surgeries were performed by the same surgeon. Surgical technique comprised posterolateral access, osteotomy of the greater trochanter, preservation of the rotator muscles and the obturator internus tendon, anterior T-shaped capsulotomy (this is an alteration in the technique described by Ganz, 3 who performed a Z-shaped capsulotomy, which does not interfere with femoral neck exposure, labrum, and acetabulum), anterior dislocation of the hip, complete exposition of the epiphysis and femoral neck, chondrosternoplasty, impingement removal, and acetabular inspection to assess chondral injury and damage to the acetabular labrum. After osteochondroplasty, the range of motion of the hip was tested; control was conducted with an image intensifier to assess the absence of impingement.
Subsequently, capsule was sutured and the greater trochanter was fixed with two or three 4.5-mm cortical screws. In cases where the greater trochanter was raised, causing trochanteric impingement, a transfer was made, with distal fixation of the trochanter (a relative lengthening of the femoral neck) (Figs. 1-4) .
Postoperatively, full weight support on the limb was not allowed for a mean of six weeks, which is the estimated time for consolidation of the greater trochanter. Physical therapy was started from the first postoperative day aiming to increase range of motion.
The data collected for analysis were sex (gender), age at time of surgery, the affected side, date of surgery, description of the surgical procedure, previous hip surgery, subjective impression of the patient regarding clinical improvement (mobility and pain) and whether they would choose to have surgery again, and complications related to this procedure.
Complications were determined in accordance with the adaptation proposed by Sink et al. 6 of the classification of surgical complications by Clavien 7 and Dindo et al., 8 as described below: Sink et al. 6 classification:
Grade I: requires no change in the post-operative management. Grade II: requires change in the post-operative management. Grade III: require surgical or radiological management. Grade IV: associated with long-term morbidity. Grade V: death.
The collected data were evaluated using an Excel ® spreadsheet.
This study was approved by the Research Ethics Committee of the institution under the following number: CAAE: 30485814.4.0000.5225.
Results
From February 2011 to December 2013, 15 patients (17 hips) underwent osteochondroplasty to treat FAI secondary to SCFE. Minimum follow-up was of two years and maximum of four years and six months in the last clinical and radiographic evaluation.
Nine patients were female. Two patients underwent bilateral osteochondroplasty; in eight, on the left side; and in five, on the right side. Age at surgery ranged from 14 to 26 years, with a mean of 18 years. In 14 hips, in addition to the osteochondroplasty, a distal transfer of the greater trochanter was performed (relative lengthening of the femoral neck). Previous surgeries to treat SCFE were in situ fixation in 13 patients (15 hips); in six patients (eight hips), flexion osteotomy; and one patient had undergone arthroscopy ( Table 1) .
As a subjective impression of the patients, 14 reported improvements in joint mobility and pain when compared with preoperative period. These same 14 patients reported that they would undergo surgery again.
The last control X-rays of the 15 patients -at least two years after surgery -showed no signs of coxarthrosis. Two complications were observed: one loosening of the greater trochanter fixation, which was not treated and evolved into pseudarthrosis, classified as type III/IV by the criteria of Sink et al. 6 (type III, complication that requires surgical intervention, and type IV, long-term sequelae). Other was one heterotopic ossification, classified as type I (complication that does not change the postoperative course, without clinical relevance). In the present study, no cases of avascular necrosis, femoral neck fractures, and sciatic nerve injury were observed ( Table 2) .
Discussion
FAI has been described as a series of anatomical changes in the hip, which may be located in the femoral epiphysis (CAM), in the acetabulum (PINCER), or combined. These deformities cause damage to the acetabular labrum and acetabular cartilage, therefore leading to hip degeneration. 9, 10 As these abnormalities progress, they cause pain and decrease hip function. In the medical literature, several studies have demonstrated that FAI is one of the main causes of secondary hip osteoarthrosis. [9] [10] [11] [12] [13] [14] Hips with sequelae from childhood and adolescence diseases, such as Legg-Calve-Perthes disease and SCFE, develop serious and complex deformities; their resolution with limited access or hip arthroscopy is difficult. In these cases, surgical dislocation provides a wide access to the femoral epiphysis, to the transition from the neck to the femoral head, and to the acetabulum, allowing for the treatment of labral tear, osteochondroplasty, redirectional osteotomy, and distal transfer of the greater trochanter (relative lengthening of the femoral neck). 15 Another option in this approach, often mentioned in the literature, is femoral intra-or extracapsular osteotomies. However, long-term studies that assessed intertrochanteric osteotomy for the treatment of SCFE sequelae without femoral neck osteochondroplasty were not successful in their attempt to change the natural course of coxarthrosis. 15, 16 In the present study, nine female patients were included; the literature indicates a higher incidence of SCFE in males. This can be explained by the fact that the present study did not show the incidence of epiphysiolysis, but rather the patients in the clinic who had SCFE and FAI complaints.
In the present study, osteochondroplasties were performed using the controlled surgical hip dislocation technique in patients with proximal femoral epiphysiolysis sequelae. Thirteen hips had been fixed with cannulated screws to prevent the progression of the slip; eight hips had undergone flexion and derotational intertrochanteric osteotomy in an attempt to improve mobility; and one patient had undergone an arthroscopy in order to treat the CAM.
Prior to surgical treatment of FAI, these patients complained of limitations in hip mobility. The physical examination showed a positive impingement test (pain on flexion, adduction, and internal hip rotation) and X-rays also showed signs of hip impingement; no hips had coxarthrosis signals. Thus, osteochondroplasty with controlled dislocation was indicated, with or without distal transfer of the greater trochanter on the principle of femoral neck lengthening, which would improve the abductor mechanism.
Results obtained were improvement in pain and especially in mobility. In the subjective assessment, 14 patients were satisfied and reported that they would undergo surgery again. The contralateral side procedure was performed in two patients, and only one patient reported dissatisfaction with the result of the surgical procedure and would not undergo surgery again.
The present results reflect the trend indicated in the literature, which shows a significant improvement in pain and mobility with osteochondroplasty using the described technique for FAI. 6, 10, 15, 17 However, although these studies showed good improvement in the short-and medium-term, this surgical procedure and hip arthroscopy are relatively recent; therefore, a longer follow-up time is necessary to determine whether they change the natural course of coxarthrosis. 5, 10, 17, 18 The most prevalent complications reported in this procedure are heterotopic ossification, avascular necrosis of the femoral head, sciatic nerve injury, pseudarthrosis of the greater trochanter, femoral neck fractures, and thromboembolic diseases (TEP, DVT); most of these were described in the multicenter study by Sink et al. 6 One case of heterotopic ossification was observed in the present study; it did not change the way the post-operative period was conducted nor the end result. Another complication found was loosening of the greater trochanter fixation in the first postoperative month due to early gait, which was not allowed. A new fixation was indicated, but parents and patient opted not to do the procedure. This complication has evolved to pseudarthrosis and consequently to gait with gluteus medius insufficiency.
As a clinical inference, it is reasonable to estimate that longer follow-up of the present sample is needed to assess change in the installation of hip arthrosis, as well as to analyze long-term results.
